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1 
This invention relates fo the generation of 
periodic voltages of triangular wave form. 
The object of the invention is a means for gen- 
erating periodic voltages having a trianguiar 
variatiin in amplitude, including a capacitor 
charged through a first constant current source 
fo produce a linear increase in voltage across the 
capacitor, and means for connecting £t will, 
across the capacitor, a second constant current 
source fo produce a linear decrease in the re- 
sultant voltage across the capacitor. 
A feature of the invention is the provision of 
means for adjusting the rate of decrease of the 
resultant voltage across the capacitor. 
A further feature of the invention is a device 
energized by a recurrent electric wave to connect 
and disconnect the second constant current source 
from the capacitor. 
In prior systems, a single constant current 
source has been associated with a capacitor fo 
charge, or discharge, the capacitor, and thus fo 
produce a linear variation in the voltage across 
the capacitor; but the capacitor was then dis- 
charged, or charged, through a circuit which 
produced a non-linear variation in the voltage 
across the capacitor. The present invention dis- 
tinguishes from these prior systems in that the 
voltage variation across the capacitor during bith 
the charging, and the discharging, is linear; and 
the rates of charging and discharging may each 
be lndependently controlled. 
The invention will be better understood from 
the following description and the drawings, in 
which: 
Fig. 1 shows a simplified block schematic of a 
typical system embodying the invention; 
Figs. 2 and 3 show curves of voltages and cur- 
rents illustrating the operation of the system; 
and 
Fig. 4 shows a typical system embodying the 
invention. 
In Fig. 1, the constant current regulator | is 
connected in series with the source of current 5 
across the capacitor 3. When the switeh 4 is 
on the lower contact 9, a constant current flows 
lnto the capacitor 3. The linearly varying poten- 
tial difference developed across capacitor 3 is sup- 
plied by a sultable coupling device 7 fo the output 
circuit 0. 
When the switeh 4 is on the upper contact |9, 
a second constant current regulator 2, in series 
with the source of current 5 is connected across 
the capacitor 3. The constant current from the 
source $ flows into capacitor 3 in the opposite 
direction to the constant current from the source 
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of current §. This reverse current may be due 
to a reversal of polarity of the source 6 with 
respect fo the source §, or to a reversal of polarity 
within the reguiator 2. 
5 The switch control wave form depicts the suc- 
cessive, recurrent operations of the switch 4. A 
complete cycle of operations of switch 4 occurs 
in a rime interval T1 and the switch 4 rests on 
contact |0 for a rime interval T2, so that 
10 T1-..ICT2. 
Using the superposition theorem, the current 
regulator | supplies a constant current il to the 
capacitor 3 during the whole rime the circuit is 
in operation. The voltage e, developed across 
15 capacitor | due fo this current i ls 
1 . 
el=Cfld 
where C equals the capacitance of capacitor 3. 
20 However, as the current i is constant, 
el =cf dt 
thus, in the rime interval T, 
25 ilT1 
Fig. 2a shows the switeh control wave frm 
vhen 
30 T: 
Fig. 2b shows the constant current il; and Fig. 
2c shows the voltage e rising steadily during the 
rime interval T. 
35 When switch 4, Fig. 1 is shifted to contact |0, 
a constant current i2, of polarity opposite fo i, 
will fiow into the capacitor 3. Then, the volt- 
age deeloped across capacitor 3 in. the rime in- 
. terval T, 
40 iT iT1 
If the triangular wave form is stable about some 
determinate value, the voltage acro the capaci- 
45 tor  af the end of a cycle must be the saine  
the voltage af the beging of a cycle, th 
el=e2, and, as 
iT i,T 
-C -- C 

50 and 

therefore, 
 =-.- 



In lig. 2a Tl.2T2, thus, as shown in tig. 2b, 
i22fl, so that, as shown in lVig. 2c, the maximum 
value of e equals the maximum value oî --e 
and the resultant voltage at the end of the cycle 
is equal to the voltage at the beginning of the 
cycle. 
igs. 3a, b c,.sbow the crent and voltage wuve 
forms when:T:4T2, .Thé, when T:2T, the 
resultant voltage Wave bas the form of an isos- 
celes triangle, while for other ratios, the resultant 10 
voltage wuve bas the form of  sculene triangle. 
The operation of the system shown in g. 1 
may also be described in a somewhut dtfferent 
manner. The current i flows into the capacitor 
S for  rime intervul T--T2: and the voltage 15 
across capacitor  rlses to a voltage 
i(T--T) 
C 
When switch 4 is on contact #8, the current i 20 
fl0ws çhrouh the curent regulator .2, and a cur- 
rent i--i flows from capacçor .. The decrease 
in the potèntial difference across apacitor  dur- 
ing the te interval T will be " 
--i .i(Tt--T) i,T(--I) 
': ": Ç- -.C 
Thus, aS befpre, 
eqmpmen in the oe« rectangle correson«s 0 
he consan curren regulaor  of ig. 1. The 
soce  is connece 0 he anode of he rioe 35 
section ; he caçhoe oï section ¢0 is connecçe 
0 he anode of triode secçion  ; the cathode of 
section ¢ is connece hrough an 
cçhoe resisçor ¢ ço one erminal oï caacior 
], he oher erminal oï capacior ] being con- 40 
neceoE 0 he source . The rioe secions , 
, may conenienly be ars oï a win-rioe 
vacu ube, or may be separae çrioe or eroe 
The cahoes oï he rioe secions g0, , are 45 
heae in nown anner rom some conenien 
çouçce, no own. The conrol gris o he ri- 
oe secio , ¢, are iaseoE y h¢ sources.4], 
 which are connece from the control gri 
0 he lower en oï resisor g. Oçher means 
ïor asing he conrol gris oï he çriode sec- 
ions ,  may be user, roiing tha proer 
conseration is gie 0 he changes in the 0- 
tenial ifference across capacior 8. 
.. The consçant curren ïrom the source  will 
chareicapacitor ], causing çhe oçental 
ece across caacitor ] o change ai a lnear rate. 
The conr01 gri oï a triode ¢ is connecte to 
one terminal oï caPacitor , an the cathode of 
roe 4  connece çhrough the couling re- 
sisor  fo he groune source , while çhe anode 
oï rioe ¢ is connece to çhe groune source 
. e t:ioe ¢ bas a negligible ffecç uon 
potential ifference evelope across capacitor 3. 
A 1OaoE.Ccui may be connecte ïrom the cath- 
be ofrioe ¢ fo groun. 
apparatus wiçhin the ote rectangle ïorm the 
consan curren regulator  oï ig. î. The 
o triode section  is connecte fo resistor 2 
an to capacitor ]. e cathode o triode sec- 
 tion  is coecte fo the anode o2 triode sec- 
on ¢8, whfle çhe caçhoe oï çhis section is con- 
nece hrough an ajustab!e caçhoe resistor 4] 
0 h¢ soce . The biasqg resisçors , , , 
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OEre connected across .the source 6 and the junc- 
tions oï these resistors are respectively connected 
fo the control grid oï the triode sections 47, 48. 
Capacitors 53, 54 may be connected across resis- 
5 tors 5[, 52 to reduce transient disturbances and 
stabilize the operation oï the circuit. The triode 
sections 47, 48 may convenient]y.be sections oï a 
.twin-triode, preferably having a larger current 
carrying capacity than the sections 4, . #, or may 
be separte triodes or other suitable vacuum 
tubes. 
The control, or gating, vacuum tube 5 corre- 
sponds to the switch 4 oï tig. 1. The anode of 
vacuum tube  is grounded, the cathode con- 
nected to the cathode oï tube 47, and the signal 
grid connected through resistor 56 to the signal 
grid oï tube 4. The cathodes oï tubes 4], 8, 55 
are energized by lmown means, hot shown. The 
inPut terminal 8 is connected through capacitor 
 fo the signal grid oï triode section . 
A signai voltage applied between terminal 58 
and ground will charge capacitor  through re- 
sisors , ,, app]ying a voltage oI ]ike polarity 
to .the signal grid oï triode 55. -4sume the sig- 
na! grids oï triodes 47,  are normally biased to 
--100 voigs with respect to ground and that the 
appiied signal wltage can change the bia on 
he signal grid oï triode 55 h'om --80 to --120 
volts. The triode 8 and resistor 9 together 
2orm, in effect, a cathode coupling resist0r oï 
very high resistance ïor the cathodes of triodes 
 ï. When the signal grid of triode 55 is driven 
fo --80 volts, the cathodes of triodes 56, 47 wlll 
aiso fise to nêar!y, actua!1y s]ightly above, --S0 
volts, end, as the signal grid of triode 4ï is held 
ai --I00 volts, triode 4" will be cut off, whiie tri- 
ode . is conducting fully the current passed 
through triode 48. Again, when the signal grid 
oÏ triode  is driven to --120 volts, the cathodes 
of trioes ,ï, 47 will be nearly the --I00 volts of 
the grid oî triode 7, triode 5 will be cUt off .nd 
triode 4 will be conducting ïully the currert 
passed through triode 48. 
When the voltage from a square wave genra- 
for is supplied to terminal 53, during the posi- 
tive pro;tion of the cycle, triode 5 is conducting, 
triode 7 is cut off and capacitor 3 charges from 
the source 5 through triodes , 4| and resistor 
2. During the negative portion of the cycle, tri- 
50 ode è is cut off and triode 7 is conducting, this, 
the current fiowing in resistor 42, and the dis- 
charge current of capacitor 3, fiow through tri- 
odes 4ï, 48, resistor 9 and source . " 
If the triodes 4], 4|, 4, 49, have the same VI- 
55 age amplification constants and the vo]tages of 
the batteries , 4 are equal and equa] fo the 
potential dïops across resistors 5|, 2 for a wave 
having the shape oï an isosceles triangle, reis- 
tor  wil] bave one-half the impedance of resis- 
60 for 4, so that .twice as much current must fiow 
in resistor g to produce the saine voltage drop 
as wi]l be produced acïoss resistor 42. Minor 
variations in the circuit Constants may be com- 
65 Pensated by adjustments of resistors 4., 49 until 
the desfi'ed values of the currents and the ratio of 
the currents are achieved. 
If desired, the circuit rnay be stabilized by con- 
necting the input circuit of a direct-current ara- 
70 plifier across resistor , and the output circuit 
across resistor 2. As the input and output volt- 
ages should be of the saine polarity, an even hum- 
ber of stages of amplification may be used. 
What is c]aimed is: 
I. A generator of an electrical voltage .wave 
75 having a triangular variation in amplitude, coin- 
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prising a source of direct voltage having poles of 
opposite polarity and an intermediate .tap, a ca- 
pacitor having one terminal connected fo said 
tap, a load circuit connected across said capaci- 
for, a flrst constant current regulator connected 
from one polë of said source to the other termi- 
nal of said capacitor, a second constant current 
regulator connected fo the other pole of said 
source, swtching means connected from said 
second reglator fo said capacitor for charging 
said capacitor through said flrst regulator for a 
flrst rime : interval by diverting the current of 
the second regulator from said capacitor, and for 
subsequently dischaiging said capacitor through 
said second regulator for a second rime interval, 
and means for recurrently operating said switch- 
ing means, 
2. The combination in claim 1 in which the 
ratio of the currents transmitted by said flrst and 
second reghlators equa]s the ratio of said second 
time interval to the sum of the time intervali. 
3. The combination in c]aim 1 in which iaid 
time internais are equal and the wave shape is 
an iioiceles triangle. 
4. The combination in claim 1 in which said 
time intervals are unequal and the wave shape 
is a scalene triangle. 
5. A generator of an electrical voltage wave 
having a tiangular variation in amplitude, com- 
prising a Source of direct voltage having polei 
of opposite polarity and an intermediate tap, a 
capacitor having one terminal connected to Said 
tap, a load circuit connected across said capaci- 
for, a firstcathode resistor connected to the other 
terminal 6f said capacitor, a first plurality of 
space discharge devicei having their anode-cath- 
ode paths connected in serial relationship from 

6 
the positive pole of said source to said flrst cath- 
ode resistor, means for biasing the control elec- 
trodes of said devicei wlth respect to the other 
terminal of said capacitor, a second cathode re- 
sistor connected to the negative pole of said 
5 
source, a flrst and a second space discharge de- 
vice having their anode-cathode paths connected 
in serial relationihip from the other terminal of 
said capacitor to the second cathode resistor, 
other means for biaiing the control electrodes of 
lO 
said first and second devicei, a gating device hav- 
ing an anode connected to said tap, a cathode 
connected fo the cathode of said flrst device and 
a control electrode biased fo the saine voltage as 
the control electrode of said flrst device, and cir- 
15 
cuit means connected fo the control electrode of 
said gating device and energized by a recurrent 
electlcal wave. 
6. The combination in claire 5 in which the 
load circuit includes a cathode follower resistor 
2O 
connected to the negative pole of said source, and 
a space discharge device having an anode con- 
nected to the positive pole of said source, a cath- 
ode connected .to said cathode follower resistor, 
'25 and a control electrode connected fo the other 
terminal of said capacitor. 
ROBERT L. CARBREY. 
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